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A Comparison of Satellite Sensor
Bands for Vegetation Monitoring
The first four Landsat-D thematic mapper bands; Landsats-1,
-2, and -3 RBV and MSS bands; Colvocoresses' proposed
operational Landsat bands; and the French SPOT bands are
compared.

INTRODUCTION

T HE USE OF La?dsat multispectral scanner
(MSS) data for monitoring vegetation

has provided a new tool for resource man
agers. The successful applications of these
data are too numerous to review and in
terested readers are directed to various sur
vey documents such as the NASA ERTS
Symposiums (1973a and 1973b), Williams
and Carter (1976), and Short et al. (1976).

It should be remembered, however, that

tances from the 0.35-1.00 /-Lm region. They
concluded that three spectral regions of
strong and persistant statistical significance
existed for this region: 0.37-0.50, 0.63-0.69,
and 0.74-1.00 /-Lm.

Other workers also have looked at the
questions of sensor selection for monitoring
vegetation using different approaches.
Gausman et al. (1973) investigated leaf
spectra and found that the wavelengths of
0.68, 0.85, 1.65, and 2.20 /-Lm were useful for
monitoring vegetation.

ABSTRACT; The first four Landsat-D thematic mapper sensor bands
were evaluated and compared to the RBV and MSS sensors from
Landsats-1, -2, and -3; Colvocoresses' proposed "operational Land
sat" three-band system; and the French SPOT three-band system by
using simulation./integration techniques and in situ collected
spectral reflectance data. Sensors were evaluated with regard to
their ability to discriminate vegetation biomass, chlorophyll con
centration, and leaf water content. The thematic mapper and SPOT
bands were found to be superior in a spectral resolution context
to the other three sensor systems for vegetational applications.
Significant improvements are expected for most vegetational analy
ses from Landsat-D thematic mapper and SPOT imagery over MSS and
RBV imagery.

the MSS is a first generation orbital remote
sensing device. It appears quite curious that
the bands are 0.50-0.60, 0.60-0.70, 0.70-0.80,
and 0.80-1.10 /-Lm. Immediately questions
spring to mind regarding at least slight
wavelength or bandwidth changes for vari
ous applications.

Several workers in the remote sensing of
vegetation field have suggested what they
consider to be more suitable bands for
monitoring vegetation. Tucker and Maxwell
(1976) evaluated the return beam vidicon
(RBV) and MSS bands for Landsat using narrow
bandpass in situ collected spectral reflec-

Kondratyev et al. (1973) repOlted the most
informative spectral intervals for the moni
toring of natural materials were 0.54-0.56,
0.66-0.68, and 0.78-0.82 /-Lm. In a subsequent
alticle, Kondratyev et al. (1975) conclude
that three main informative sections of the
spectrum can be distinguished and are 0.83
0.85, 0.63-0.69, and 0.40-0.44 /-Lm.

PROPOSED SECOND GENERATION SATELLITE
SENSOR SYSTEMS

COLVOCORESSES' OPERATIONAL LANDSAT

Colvocoresses (1977) has proposed a three-
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band sensor system for an "operational
Landsat." This system would have bands
at 0.47-0.57, 0.57-0.70, and 0.76-1.05 /-Lm
having 60 to 90, 30 to 40, and 60 to 90 m
resolution, respectively. Sensors would use
multilinear array (MLA) technology which, at
the present, limits these devices to the 0.40
1.05 /-Lm spectral region. These proposed
sensors will be evaluated in this paper.

SPOT

The French Centre National d'Etudes
Spatial (CNES) has scheduled a three-band
MLA satellite designed Systems Probatoire
d'Observation de la Terre (SPOT) for launch
in 1983. Three reflective bands are proposed:
0.50-0.59, 0.61-0.69, and 0.79-0.90 /-Lm with
20 m spatial resolution each. Radiometric
resolution would be eight bits (256 quantiz
ing levels) (CNES, 1978). The three SPOT
bands will be evaluated in this paper.

LANDSAT-D

It became apparent, with the successes of
Landsat-I, that a more suitable and second
generation space flown scanner system
would provide superior remotely sensed
data from vegetated targets. A satellite dedi
cated to and designed for vegetational moni
toring was recommended by the ational
Academy of Science (CORSPERS, 1976).
Christened Landsat-D, designed primarily
for vegetational applications, and scheduled
for launch in 1981, this mission is to fly a
new multispectral scanner system called the
thematic mapper (TM).

Specific improvements over the MSS of the
first three Landsats have been achieved in
the areas of spatial, spectral, and radiometric
resolution. Specifically, the IFOV will be 30

m, there will be seven spectral bands, and
the TM will have eight bit data vs. six bit data
for the MSS (i.e., 256 quantizing levels vs. 64
quantizing levels, respectively). In addition,
the spectral channels have been chosen to
maximize the information context for green
vegetation (Table 1).

CONSIDERATIONS IN SENSOR SELECTION

Remote sensing of vegetation has the ob
jective of monitoring vegetation by using
reflected or emitted electromagnetic radia
tion. Heretofore, most effOltS in this regard
have used the 0.40-2.50 /-Lm region with the
major effOlt occurring in the 0.40-1.10 /-Lm
area.

Engineers charged with the task of de
signing a space-flown remote sensing instru
ment are usually faced with the situation of
being able to accommodate only a small
number of bands. This results from the
design criteria of complexity, signal/noise
ratios, detector response, energy needs,
weight, reliability, data processing and stor
age considerations, atmospheric effects, etc.
The decision must then be made to allocate
these bands in such a fashion as to maximize
the information content for the application
in question.

I will now consider the reflective region
of the spectrum (0.35-2.50 /-Lm) and discuss
various spectral intervals which express dif
ferent information about vegetated surfaces.
Previous basic research from physiological
perspectives using in situ spectral data and
laboratory leaf spectra are in good agree
ment in these regards. The in situ results
will be briefly reviewed as will several of
the leaf spectra results. Five primary and
two transition regions exist between 0.35-

TABLE 1. THEMATIC MAPPER SPECTRAL AND RADIOMETRIC CHARACTERISTICS

Wavelength
Band (,.,.m) NEAp Basic Primary Rationale for Vegetation

TM 1 0.45-0.52 0.008 Sensitivity to chlorophyll and carotinoid
concentrations

TM 2 0.52-0.60 0.005 Slight sensitivity to chlorophyll plus green
region characteristics

TM 3 0.63-0.69 0.005 Sensitivity to chlorophyll

TM 4 0.76-0.90 0.005 Sensitivity to vegetational density or biomass

TM 5 1.55-1.75 0.01 Sensitivity to water in plant leaves

TM 6 2.08-2.35 0.024 Sensitivity to water in plant leaves

TM 7 10.4-12.5 0.5K Themlal properties
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2.50 /km where different physiological vari
ables control the resulting leafand/or canopy
spectral reflectance:

(1) The 0.350-0.500 /.U11 region is charac
terized by strong absorption by the carot
enoids and chlorophylls. A strong relation
ship exists between spectral reflectance in
this region and the plant pigments present
(Knipling, 1970; Woolley, 1971; Salisbury
and Ross, 1969; Tucker, 1977).

(2) The 0.500-0.620 /km region is charac
terized by a reduced level of pigment ab
sorption. This results in a higher reflectance
than the adjacent blue and red regions which
our eyes perceive as "green." A weaker
relationship exists between spectral reflec
tance in this region and the plant material
present (Knipling, 1970; Woolley, 1971;
Salisbury and Ross, 1969).

(3) The 0.620-0.700 /km region is charac
terized by strong chlorophyll absorption. A
strong relationship exists between spectral
reflectance in this region and the chlorophyll
present (Knipling, 1970; Woolley, 1971;
Salisbury and Ross, 1969; among others).

(4) The 0.70-0.74 /km region is charac
terized by the transition from strong chloro
phyll absorption (ending at 0.70-0.71 /km)
and the high levels of reflectance charac
teristic of green vegetation which begin
at -0.74-0.75 /km. As such, there is a poor
relationship (if any) between the amount of
green vegetation and reflectance in this
region (Tucker and Maxwell, 1976).

(5) The 0.74-1.10 /k111 region is charac
terized by high levels of reflectance occur
ring in the absence of any absorptance. A
strong relationship exists between spectral
reflectance in this region and the amount of

green vegetation present (Knipling, 1970;
Woolley, 1971; among others).

(6) An approximate 1.1-1.3 /k111 transition
must occur between the region of high re
flectance (-0.74-1.1 /k111) and the water
absorption region (-1.3-2.5 /km). This is
hypothesised because there are no experi
mental data to support this statement.

(7) The 1.30-2.50 /km region is charac
terized by strong absorption by water present
in the vegetation. A strong relationship
exists between reflectances from this inter
val and the amount of water present in the
leaves of the canopy (Knipling, 1970;
Woolley, 1971; among others).

The desire to maximize the information
content for reflective remote-sensing-of
vegetation missions then comes down to
selecting some ordered list drawn from the
previous list of seven (Table 2).

It should be stressed that although the
0.70-0.74 and -1.1-1.3 /km regions' reflec
tances are not directly coupled with green
vegetation, valuable spectral information
can be remotely sensed in these regions.
The spectral information is related more to
the background spectra or to other prop
erties of the material present. The informa
tion content is increased when using these
indirectly coupled region(s) in conjunction
with the highly-correlated-with-green-vege
tation regions.

DATA USED

Thirty-five plots were sampled in June,
1972 and forty plots were sampled in Sep
tember, 1971. All plots were 1/4 m2 in area
and were composed of blue grama grass.

TABLE 2. ORDERED LIST OF SPECTRAL REGIONS IN DESCENDING

USEFULNESS FOR MONITORING GREEN VEGETATION

Wavelength
Number (JLm) Utility for Vegetation

0.74--1.10 Direct biomass sensitivity

2 0.63-0.69 Direct in vivo chlorophyll sensitivity

3 -1.35-2.50 Direct in vivo foliar water sensitivity

4 0.37-0.50 Direct in vivo carotinoid and chlorophyll
sensitivity

5 0.50-0.62 Direct/indirect and slight sensitivity to
chlorophyll

6 0.70-0.74 Indirect and minimal sensitivity to vegetation;

7 -1.1-1.3 perhaps valuable nonvegetational information
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They were sampled in situ by spectroradio
metric measurement over the 0.350-0.800
fLm (September) and the 0.350-1.000 fLm
(June) region at every 0.005 fLm interval
with the mobile field spectrometer labora
tory (Miller et al., 1976). All measurements
were made normal to the ground surface.

Immediately after the reflectance mea
surements were completed, the plot was
clipped of all standing vegetation and an
aliquot was extracted for chlorophyll analy
sis. Canopy biological measurements in
cluded total wet biomass, total dry biomass,
dry green biomass, dry brown biomass, the
leaf water content, and chlorophyll content
(Table 3).

METHODS AND ANALYSIS

DESCRIPTION OF RESEARCH UNDERTAKEN

The research was undertaken to evaluate
the TM sensors by integration of narrow

bandwidth (0.005 fLm) spectral radiance
curves. Spectral reflectances were multi
plied by a spectral irradiance function,
which resulted in spectral radiances. The
spectral irradiance was passed through the
atmosphere (horizontal visibility at sea lev
el = 23 km) to sea level where the various
spectral radiances were computed by the
product of the spectral irradiance and spec
tral reflectances. The spectral radiances
were then passed through the same atmo
sphere to the correct orbital altitude for the
sensor system in question.

The resulting radiances were integrated
and subsequently regressed against the total
wet biomass, total dry biomass, dry green
biomass, dry brown biomass, leaf water
content, and total chlorophyll content to
quantify the relationship between the
simulated sensor and the various basic
properties of the vegetation canopy in ques
tion (i.e., biomass, water content, chlorophyll

TABLE 3. STATISTICAL SUMMARY Of THE BIOPHYSICAL CHARACTERISTICS Of THE SAMPLE PLOTS. A
STATISTICAL DESCRIPTION Of THE VEGETATIVE CANOPY CHARACTERISTICS fOR (A) THE

THIRTy-FIVE 114M2 SAMPLE PLOTS Of BLUE GRAMA SAMPLED IN JUNE
1972, AND (B) THE FORTY 114M2 SAMPLE PLOTS Of

BLUE GRAMA SAMPLED IN SEPTEMBER 1971.

Standard Coefficient Standard Error
Sample Range Mean Deviation of Variation of the Mean

A. June, 1972
Wet total biomass

(g/m2) 52.00-1230.40 339.52 316.94 93.35 50.11

Dry total biomass
(g/m2) 13.04-528.84 134.07 130.25 97.15 20.59

Dry green biomass
(g/m2) 12.48-343.36 105.11 93.46 88.93 14.78

Dry brown biomass
(g/m2) 0.16-185.48 28.96 40.23 138.91 6.36

Leaf water
(g/m2) 38.12-701.56 205.46 187.83 91.42 29.70

Chlorophyll
(mg/m2) 62.27 -2108.06 414.41 515.56 124.41 81.52

B. September, 1971
Wet total biomass

(g/m2) 70.83-491.22 261.31 134.00 51.44 21.25

Dry total biomass
(g/m2) 41.50-337.84 168.55 90.81 53.88 14.36

Dry green biomass
(g/m2) 17.12-185.04 89.38 50.15 56.11 14.36

Dry brown biomass
(g/m2) 20.40-186.42 82.41 48.54 58.90 7.68

Leaf water
(g/m2) 28.03-190.80 92.75 50.93 54.91 8.05

Chlorophyll
(mg/m2) 53.02-778.97 319.58 238.73 74.70 37.75
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REGRESSION ANALYSIS

A regression approach was undertaken
to approximate the relationships existing
between the six sampled canopy variables
and the integrated radiance for each simu
lated sensor. Four regression models were
evaluated for each interval. Standard regres
sion notation after Draper and Smith (1966)
will be used and will be donated as a
function of wavelength by the subscript A.

CANOPY RAD = f30Ae ({3IA • plot va,.iable) (1)

where

CANOPY RAD = normal canopy spectral
radiance,

f30A = estimated value of f30 at
wavelength A,

f31A = estimated value of f31 at
wavelength A,

e = Napier's number (i.e.,
-2.72);

plot variable = total wet biomass, chloro
phyll, etc. (see Table 3).

content). To give a sound basis for com
parisons to other sensor systems, the same
analysis was completed for the RBV, MSS, the
French SPOT System, and Colvocoresses'
proposed sensor system.

This research addresses only the question
of spectral resolution, i.e., the issues of
spatial and radiometric resolution are not
addressed. The author realizes that real
world comparisons between TM (post 1981)
and other sensor system(s) imagery, for
example, will effectively be a comparison
between the spectral, spatial, and radio
metric resolution interaction(s) for these
Earth resource systems. This study, how
ever, should give insight into the spectral
resolution(s) of the various sensor systems
for monitoring vegetation.

Grass canopies are ideally suited for these
experimental purposes because of their
morphologic simplicity. More impOItantly,
the various sensors are evaluated by their
statistical sensitivity to basic properties of
terrestrial vegetation (wet biomass, dry bio
mass, green biomass, brown or dead bio
mass, leaf water content, and chlorophyll
content). The results of this experiment are
thus applicable to terrestrial vegetation in
general.

CANOPY RAD = f30A + f3IA

able)-'
CANOPY RAD = f30A + f3n

able)

(plot vari-
(2)

(plot vari
(3)

and

CA:'-IOPY RAD = 5(1 - e({30A + (31A • plot "ariable))

(4)

where

5 = asymptotic radiance esti
mate at wavelength.

Equations 1, 2, and 4 were transformed
into linear models prior to regression com
putation.

Regression screeni ng was used to eval
uate the relationship(s) between the various
integrated radiances and the canopy bio
logical measurements. In this way compari
sons can easily be made between r2 values
to determine spectral sensitivity for a variety
of bandwidths with respect to each of the
canopy biological measurements.

SENSORS EVALUATED

The first four TM sensors, the seven RBV
and MSS sensors, the three SPOT sensors,
and the three proposed operational Landsat
sensors were evaluated using the experi
mental methods described herein. Data
limitations prevented any evaluation(s)
beyond 1.00 /-Lm for the June data and
beyond 0.80 /-Lm for the September data set.

RESULTS AND DISCUSSION

The various simulated sensors (see Table
4) were regressed against the six canopy
variables measured for the June and Sep
tember data sets. This resulted in 192
separate comparisons which are presented
in tabular form (Tables 4 and 5).

The June data were almost entirely green
with little standing dead vegetation (Table
3). As such, it can be considered analogous
to many agricultural situations where the
plant canopy is not only homogeneous but
in-phase phenologically. The September
data, by contrast, can be considered analo
gous to many agricultural situations where
the canopy in question is beginning to enter
senescence, has suffered from some stress,
or for some reason is composed of apprecia
ble amounts of live and dead material. In
addition, the September data set is analo
gous to many wild or natural ecological
situations where the vegetational scene is
not homogeneous. These situations usually
have a mixture of early maturing, late ma
turing, and other species and, regardless of
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TABLE 4. COEFFICIENT OF DETERMINATION (r2 ) VALUES RESULTING FROM THE REGRESSIONS BETWEEN
INTEGRATED RADIANCE AND THE VARIOUS SAMPLED CANOPY VARIABLES FOR THE JUNE DATA

Total Total Leaf Dry Dry Total
Bandwidth Wet Dry Water Green Brown Chlorophyll

Sensor (iLm) Biomass Biomass Content Biomass Biomass Content

RBVI 0.475-0.575 0.73 0.66 0.76 0.67 0.24 0.77
RBV2 0.580-0.680 0.88 0.81 0.91 0.82 0.32 0.91
RBV3 0.690-0.800 0.65 0.63 0.65 0.63 0.51 0.65

MSS4 0.500-0.600 0.78 0.71 0.81 0.73 0.27 0.81
MSS5 0.600-0.700 0.88 0.80 0.91 0.82 0.32 0.91
MSS6 0.700-0.800 0.63 0.62 0.63 0.61 0.54 0.65
MSS7' 0.800-1.100 0.72 0.71 0.73 0.71 0.61 0.73

TMI 0.450-0.520 0.69 0.61 0.72 0.63 0.19 0.74
TM2 0.520-0.600 0.79 0.72 0.82 0.74 0.28 0.83
TM3 0.630-0.690 0.88 0.80 0.91 0.82 0.32 0.91
TM4 0.760-0.900 0.78 0.76 0.78 0.76 0.63 0.78

SPOT 1 0.50-0.59 0.76 0.69 0.79 0.71 0.26 0.81
SPOT 2 0.61-0.69 0.88 0.81 0.91 0.82 0.32 0.91
SPOT 3 0.79-0.90 0.77 0.75 0.77 0.75 0.63 0.78

Colvo 1 0.470-0.570 0.71 0.65 0.75 0.66 0.23 0.76
Colvo 2 0.570-0.700 0.88 0.80 0.91 0.82 0.32 0.91
Colvo 3' 0.760-1.050 0.74 0.73 0.74 0.72 0.62 0.75

• Data were incomplete for the l.OO-l.li-L1ll interval. The simulations for ~ISS7 and Colvo 3 used 1.00 ILIll as their upper wavelength
limits.

sampling time, have a mixture of live and some insight into the phenological utility,
dead vegetation, several species, and such. natural ecosystem applicability, and quantify

Interpretations then of the June and Sep- the influence of canopy heterogeneity upon
tember experimental results should give the sensors evaluated.

TABLE 5. COEFFICIENT OF DETERMINATION (r2
) VALUES RESULTING FROM THE REGRESSIONS BETWEEN

INTEGRATED RADIANCE AND THE VARIOUS SAMPLED CANOPY VARIABLES FOR THE SEPTEMBER DATA

Total Total Leaf Dry Dry Total
Bandwidth Wet Dry Water Green Brown Chlorophyll

Sensor (J.Lm) Biomass Biomass Content Biomass Biomass Content

RBVI 0.475-0.575 0.31 0.28 0.41 0.21 0.10 0.25
RBV2 0.580-0.680 0.40 0.38 0.64 0.24 0.07 0.33
RBV3 0.690-0.800 0.48 0.51 0.41 0.43 0.29 0.39

MSS4 0.500-0.600 0.25 0.22 0.37 0.16 0.07 0.20
MSS5 0.600-0.700 0.39 0.38 0.65 0.23 0.06 0.33
MSS6 0.700-0.800 0.53 0.55 0.48 0.47 0.30 0.44
MSS7' 0.800-1.100

TMI 0.450-0.520 0.56 0.54 0.69 0.41 0.19 0.45
TM2 0.520-0.600 0.22 0.20 0.33 0.14 0.06 0.18
TM3 0.630-0.690 0.43 0.25 0.70 0.41 0.07 0.36
TM4' 0.760-0.900

SPOT 1 0.50-0.59 0.25 0.17 0.35 0.22 0.08 0.20
SPOT 2 0.61-0.69 0.42 0.24 0.68 0.41 0.07 0.35
SPOT 3' 0.79-0.90

Colvo 1 0.470-0.570 0.33 0.23 0.43 0.30 0.11 0.26
Colvo 2 0.570-0.700 0.37 0.22 0.62 0.35 0.12 0.32
Colvo 3' 0.760-1.050

* The September data covered only the O.350-0.BOOJ,Llll region. Some sensors, therefore, could not be simulated.
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Coupled with the various sensor simula
tions presented in Tables 4 and 5 are the
results of a within-sensor integration for one
of the sensors evaluated. Complete tabular
results for all sensors evaluated appear in
Tucker (I978b) and an example is presented
as Table 6.

RBV A1\D MSS

The seven Landsat-I, -2, and -3 reflective
RBV and MSS sensors ranged from good to
poor in terms of spectral characteristics for
monitoring vegetation (Tables 4 and 5).

Specifically, RBVI (0.475-0.575 ILm) com
bi nes spectral radiances from the 0.500
0.575 ILm region of lessened significance
and does not include enough of the blue
region to be effective in a mixed live/dead
canopy situation (Table 5). The 0.457-0.500
ILm region of the spectrum contributes the
spectral information that is highly related to
plant canopies for RBVI, but this is seriously
degraded by the 0.500-0.575 ILm signal of

reduced statistical significance to green
vegetation.

RBV2 (0.58-0.68 ILm) is somewhat better
placed spectrally for monitoring green vege
tation (Tables 4 and 5). It combines, how
ever, a region of strong in situ chlorophyll
absorption (-0.62-0.68 ILm) with an adjacent
region of much reduced in situ chlorophyll
absorption (-0.58-0.62 ILm). This had little
effect for the in-phase phenological and
homogeneous plant canopy scene but re
duced the regression significance by 6 per
cent for the more complex canopy case
(Table 5; leaf water content variable).

RBV3 (0.69-0.80 ILm) is pmticularly poorly
placed spectrally for monitoring green vege
tation. It combines three separate green
vegetation-reflectance relationships: the
0.69-0.70 ILm region of chlorophyll absorp
tion; the 0.70-0.74 ILm region of lessened
statistical significance or noise; and the
0.75-0.80 ILm region of enhanced reflectance
characteristic of green vegetation. As such,

TABLE 6. ORDERED COEFFICIENT OF DETERMINATION VALUES RESULTING FROM THE SERIES OF

REGRESSIONS BETWEEN (A) INTEGRATED RADIANCE AND TOTAL WET BIOMASS FOR THE JUNE DATA

AND (B) INTEGRATED RADIANCE AND THE LEAF WATER CONTENT FOR THE SEPTEMBER DATA.

NOTE How THE JUNE RESULTS HAVE HIGHER r 2 VALUES AND SHOW THAT SENSOR

LOCATION IS UNIMPORTANT FOR A PREDOMINATELY (80 PERCENT) GREEN CANOPY.

THE SEPTEMBER DATA, HOWEVER, SHOW THAT SENSOR LOCATION IS CRUCIAL FOR

~IORE COMPLEX CANOPY SIT ATiONS (50 PERCENT LIVE AND 50 PERCENT DEAD). THE

INTERVAL INTEGRATED (0.57 -0.70!Lm) CORRESPONDS TO COLVOCORESSES' BAND 2.

Ordered Integral Bandwidth Ordered Integral Bandwidth
Rank r 2's (!Lm) Rank r2's (!Lm)

(A) June (n = 35) (B) September (n = 40)

1 0.88 0.57-0.69 0.62 0.57-0.69

2 0.88 0.57-0.64 2 0.62 0.57-0.68

3 0.88 0.57-0.68 3 0.62 0.57-0.70

4 0.88 0.57-0.63 4 0.60 0.57-0.67

5 0.88 0.57-0.62 5 0.60 0.57-0.66

6 0.88 0.57-0.70 6 0.55 0.57-0.65

7 0.88 0.57-0.67 7 0.53 0.57-0.64

8 0.87 0.57-0.61 8 0.49 0.57-0.63

9 0.87 0.57-0.66 9 0.46 0.57-0.62

10 0.86 0.57-0.60 10 0.43 0.57-0.61

11 0.86 0.57-0.59 11 0.40 0.57-0.60

12 0.85 0.57-0.65 12 0.38 0.57-0.59

13 0.85 0.57-0.58 13 0.34 0.57-0.58
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RBV3 is seriously degraded by its spectral
configuration for any green vegetation ap
plication(s).

MSS4 (0.50-0.60 JLm) is placed in a spectral
region where reduced chlorophyll absorp
tion occurs (Salisbury and Ross, 1969). This
is advantageous for green vegetation ap
plications because the same relationship
exists across the entire bandwidth. Different
relationships are not combined for MSS4

as they are for RBVI and RBV2. Some carot
enoid and chlorophyll absorption occur in
the 0.50-0.52 JLm region, and this interval
should be excluded in order to more com
pletely exploit the green vegetation-spectral
coupling resulting from the reduced chloro
phyll and lack of carotenoid absorption
present in the 0.52-0.60 JLm region.

MSS5 (0.60-0.70 JLm) is situated in a region
of strong in vivo chlorophyll absorption. The
in vivo absorption maxima occurs in the
0.67-0.68 JLm region with higher absorption
coefficients for the 0.63-0.70 than 0.60-0.63
JLm region (Salisbury and Ross, 1969). As
such, MSS5 could be improved by excluding
the 0.60-0.63 JLm region from this 0.63-0.70
JLm region. This improvement is most ap
parent for the more complex canopy situa
tion (Table 5).

MSS6 is highly redundant to MSS7 and
includes the noisy 0.70-0.74 JLm region. The
usefulness of MSS6 is thought to result from
the 0.75-0.80 JLm signal's strong relationship
to green leaf biomass and the associated
high soil-green vegetation reflectance con
trast (Tucker and Miller, 1977).

MSS7 receives spectral radiances which are
highly and directly related to green leaf
density from the 0.80-1.10 JLm region. A
water band situated at 0.92-0.98 JLm intro
duces degrading atmospheric effects, and
filter/detector characteristics sharply reduce
the contribution from the 0.95-1.10 JLm re
gion relative to that from the 0.80-0.95 JLm
interval (Hovis, 1977).

MSS7 is superior to MSS6 for high green
biomass situations (reviewed in Tucker,
1979) while MSS6 has been shown to be
superior to MSS7 for lower (rangeland) green
biomass applications. A hypothesis explain
ing this has been presented by Tucker and
Miller (1977) based upon soil-green biomass
reflectance contrasts and is in agreement
with several Landsat-1 and -2 results (Max
well, 1976; Rouse et al., 1974).

COLVOCORESSES' PROPOSED SATELLITE

SENSOR SYSTEM

Colvocoress (1977) has proposed a three
band system for an "operational" Landsat

system. Evaluation of these sensors was
similar to RBVl, RBV2, and TM4, respectively,
for Colvo 1, Colvo 2, and Colvo 3 (Tables 4
and 5). The same criticisms of RBVI and RBV2

apply to Colvo 1 and Colvo 2.
Specifically, Colvo 1 (0.47-0.57 JLm) is

poorly placed from a vegetational perspec
tive. Spectral radiances from the 0.47-0.50
JLm region, which are highly correlated with
the plant pigments present, are combined
with spectral radiances from the 0.50-0.57
JLm region which are not highly correlated
with green vegetation in a mixed live/dead
canopy situation (Tables 4 and 5; Figure 1).

Colvo 2 (0.57-0.70 JLm) combines the 0.57
0.62 JLm region of lower regression signifi
cance with the highly significant 0.63-0.70
JLm region resulting in a serious degrading
of this sensor for more complex canopy
applications (Table 6; Figure 2).

Colvo 3 (0.76-1.05 JLm) is similar to TM4

(0.76-0.90 JLm) except that Colvo 3 includes
the water absorption band at -0.92-0.98
JLm within the 0.90-1.05 JLm region. This
will restrict signature extension significantly.
The sensors Colvocoresses (1977) has pro
posed are not optimum for satellite remote
sensing of vegetation resources. Any data
from these hypothetical sensors would not
yield satisfactory results for many vegeta
tional applications and would be inferior to
the existing MSS data for most vegetational
applications (Tables 4 and 5). Detailed
vegetational applications require optimum
spectral resolution.

THEMATIC MAPPER

TMI (0.45-0.52 JLm) is placed to take ad
vantage of the relationship between spectral
radiances from vegetation which are deter
mined in part by the chlorophyll and carot
enoid concentrations for the 0.45-0.50 JLm
region. In order to make this bandwidth
wider to give more optimum signal/noise
ratios, the bandwidth was widened on the
upper end to 0.52 JLm. It would be counter
productive to widen this sensor on the lower
end (say to 0.43 JLm) because of atmo
spheric scattering effects. TMI thus is not
optimum from a strictly spectral perspective
but avoids potential signal/noise problems
by including the 0.50-0.52 JLm region.

TM2 (0.52-0.60 JLm) is placed to record
green region radiances. It is well situated to
maximize the spectral information content
but is not as highly correlated with green
vegetation as are TMI, TM3, and TM4. Sensor
selection should attempt to place sensors
in spectral regions where a particular rela
tionship/process occurs to maximize the
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FIG. 1. Integrated radiance for three wavelength
intervals plotted against the leaf water content for
the September sampling period. (a) 0.47-0.51 /Lm,
(b) 0.51-0.57 /Lm, and (c) 0.47-0.57 /Lm. Note how
two different effects occur within Colvocoresses'
proposed band 1. The combination of these two
wavelength regions seriously reduces the vege
tational utility of this proposed sensor.

LEAF WATER CONTENT (g/m')

(e)

FIG. 2. Integrated radiance for three wavelength
intervals plotted against the leaf water content for
the September sampling period. (a) 0.57-0.62 /Lm,
(b) 0.62-0.70 /Lm, and (c) 0.57-0.70 /Lm. Note how
two different effects occur with Colvocoresses
proposed band 2. This sensor could be improved
for more complex vegetational utility by exclud
ing the 0.57-0.62 /Lin region (see also Table 6).
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information content. It should not combine
different relationships (see Table 6; Figures
1 and 2). TM2 is situated in a spectral region
where a poor per se relationship holds be
tween heterogeneous green vegetation and
spectral reflectance (Table 5). This sensor
receives other and potentially very valuable
spectral information than is uncoupled hom
the more direct spectral-vegetational infor
mation present in the blue, red, and near
infi'ared regions.

TM3 (0.63-0.69 /Lm) is well placed from a
green vegetational perspective. It could be
widened to 0.62-0.70 /Lm if additional signal
were needed with a slight (1-3 percent)
reduction in single channel utility. It is
configured to be an excellent in vivo chloro
phyll band (Tables 4 and 5).

TM4 (0.76-0.90 /Lm) is well situated from a
spectral perspective related to green vegeta
tion (Tables 4 and 5). TM4 excludes the 0.70
0.74 /Lm transition or noise region on its
lower end and a 0.92-0.98 /Lm atmospheric
water absorption band on its upper end. A
previously published analysis has shown
that this sensor combines excellent general
vegetational application(s) with the ability
to sense near-IR plateau rounding plant
stress conditions within its 0.76-0.90 /Lm
bandwidth (Tucker 1978a). The wide band
width of TM4 coupled with the high levels of
spectral reflectance characteristic of green
vegetation for this region should result in
optimal remote sensing of vegetational
density for TM4. Avoiding the atmospheric
water vapor absorption band in the 0.92
0.98 /Lm region will improve signature ex
tension.

TM5 (1.55-1.75 /Lm) and TM6 (2.1-2.3 /Lm)
could not be evaluated in this paper. How
ever, both of these bands are directly sensi
tive to the leaf water content in terrestrial
vegetation (Knipling, 1970; Woolley, 1971;
Tucker and Garratt, 1977). Gausman et al.
(1978) have reported excellent soil-green
vegetation reflectance contrasts for these
two wavebands. In addition to the vegeta
tional utility in these two near infrared
bands, other scientists have suggested geo
logical applications (Abrams et ai, 1977;
Rowan et ai, 1977).

SPOT

SPOT 1 (0.50-0.59 /Lm) is placed to sense
green region spectral radiances (Tables 4
and 5). Slight pigment absorption may occur
in the 0.50-0.52 /Lm region, but this is a
slight adjustment.

SPOT 2 (0.61-0.69 /Lm) is placed to sense
spectral radiances highly correlated with
the in vivo chlorophyll concentration(s) of
green vegetation (Tables 4 and 5). A slight
(1-2 percent) improvement in regression sig
nificance would result from excluding the
0.61-0.63 /Lm region at a sacrifice of the
signal/noise ratio.

SPOT 3 (0.79-0.90 /Lm) is placed to sense
spectral radiances which are highly corre
lated with green vegetational density (Table
4). No adjustments are suggested for this
band.

In general, the SPOT bands are very similar
from a spectral-vegetational perspective to
thematic mapper bands TM2, TM3, and TM4.
Both SPOT and the thematic mapper are
optimally configured for the collection of
remotely sensed data from green vegetation
targets.

OUTLOOK FOR THE FUTURE

Substantial improvements over MSS
imagery are expected from Landsat-D's the
matic mapper as a result of spectral resolution
alone. Coupled with increased radiometric
resolution, increased spatial resolution, and
additional bands, the state--of-the-art of
satellite remote sensing of vegetated sur
faces should be advanced dramatically.

In addition, the French SPOT satellite is
promising from a spectral perspective and
suggests a rational approach for an MLA
"operational" system.

The next generation of satellite remote
sensing is thus soon to begin. It will offer
significant improvements in monitoring
vegetation from orbital altitudes and demon
strate conclusively the many and varied
applications of this technology.

CONCLUSIONS

(1) Thematic Mapper sensors TM1, TM2,
TM3, and TM4 were found to be very well
situated for remote sensing of vegetated
targets.

(2) Significant improvements can be
expected from the Thematic Mapper over
the MSS of Landsats-l, -2, and -3, resulting
from optimal spectral resolution alone.

(3) Colvocoresses' proposed three-band
system was found to have two poor bands
for monitoring vegetation.

(4) The French satellite SPOT three-band
system has three well placed bands for
monitoring vegetation. The SPOT bands are
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very similar to thematic mapper bands TM2,

TM3, and TM4, respectively.
(5) Sensor bandwidths must be restricted

to regions of the spectrum where the same
vegetation-spectral reflectance relationship
predominates. Combining different vegeta
tion-spectral reflectance relationships with
in the same sensor bandwidth seriously
reduced the vegetational utility of the "com
bined sensor" especially for more complex
canopy situations.

(6) Complex canopy situations necessitate
a more specific spectral subset of the less
complex canopy situation spectral regions.
As such, the more heterogeneous or com
plex condition(s) are of predominant value
for selective sensor of the greatest and most
persistent vegetational utility.
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APPLICATION FORM

PLEASE USE BLOCK LETTERS

RESUME: Les quatre premiers canaux du "Thematic Mapper" de
Landsat D ont ete evalues et compares au RBV et aux radiometres
MSS des satellites Landsat 1, 2 et 3, au systeme it trois bandes du
"Landsat Operationnel" propose par COLVOCORESSE et enfin au
systeme franyais it trois canaux SPOT. Ces comparaisons ont ete
faites it l'aide de techniques de simulation/integration et de donnees
de reflectance spectrale recueillies in situ. Les capteurs ont ete
evalues en fonction de leur aptitude it discriminer les differentes
biomasses vegetales, concentration chlorophyllienne et contenus en
eau des feuilles. Le "Thematic Mapper" et SPOT ont ete trouves
superieurs aux autres systemes pour les applications it la vegetation
en raison de leur resolution spectrale. On peut s'attendre it des
progres significatifs dans la plupart des analyses de la vegetation
avec Landsat D et SPOT.
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